One of the design goals of the neutron time-of-flight (TOF) diffractometer HIPPO (HIgh Pressure -Preferred Orientation) at LANSCE (Los Alamos Neutron Science Center) was efficient quantitative texture analysis. In this paper, the effects of the HIPPO detector geometry and layout on texture analysis, particularly the shape and dimensions of the detector panels, are investigated. An aluminum sample with a strong and asymmetric texture was used to determine the methodological limitations of various methods of quantitative texture analysis. Several algorithms for extracting the orientation distribution function (ODF) from the TOF-spectra are compared: discrete orientations at arbitrary positions, harmonic method in Rietveld codes (MAUD and GSAS) and discrete methods in MAUD. All methods provide a similar representation of the main texture component, but discrete methods have a fundamental advantage over harmonic methods in characterizing regions of the ODF with low orientation densities. For HIPPO data of the present sample, harmonic expansions beyond l max = 12 introduce subsidiary maxima and minima, which are consistently identified as artifacts. The results of our analysis establishes HIPPO as an efficient instrument to quantitatively determine preferred orientations in relatively short measuring times, if the texture features are not exceedingly sharp (full-width at half-maximum (FWHM) in the ODF > 20-30°).
Introduction
The HIPPO diffractometer became available to the LANSCE user program in summer 2002 . Technical details and a first application to texture analysis have been given by Wenk et al. [1] and Vogel et al [2] . In this paper, we use experimental and analytical results on a sample of aluminum, deformed by equal channel angular pressing (ECAP) to derive the characteristic parameters of the HIPPO spectrometer for quantitative texture analysis.
Instrument characteristics
In the HIPPO time-of-flight (TOF) diffractometer 1,360 3 He detector tubes are arranged in 50 panels on five rings (banks) surrounding the incident beam (Fig. 1) . Each detector panel records diffractions from crystals that have lattice planes in Bragg condition for a particular hkl. For a single sample orientation, the detector panels from the 140°, 90°, and 40° banks, which are used in texture analysis, roughly cover one quarter of the pole sphere as illustrated in Fig. 2 . It is obvious that, describing each HIPPO detector panel as a point, does not accurately describe the coverage. The complicated shape of the panels in pole figure space, over which intensities are averaged, requires a detailed analysis. The mean detector diameters are 10.8° (140° bank), 15.9° (90° bank), and 14.0° (40° bank). The individual form of the detector panels as they appear in the pole figure space have been incorporated into the computer program GULUWIMV [3] to obtain the ODF. 
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Texture analysis of aluminum 120 TOF spectra, measured for 9 minutes at 4 sample orientations (0, 45, 67.5 and 90°) were the input for all analyses with the exception of GSAS, which can only accept a maximum of 99 spectra. In order to compare the results of software packages available for HIPPO texture analysis and to test methodological predictions following from the assumed angular resolution, the data were analyzed with GULUWIMV [3] , and the Rietveld packages MAUD [4, 5] and GSAS [6] . These approaches include both harmonic and discrete methods. Individual peak method (the GULUWIMV package). GULUWIMV allows the 'measured' cell grid to be incomplete and with any structure This enables us to treat the data from the detector panels as having come from a finite region of pole figure space, rather than a point and to treat the irregular arrangement and form of the HIPPO detectors. Figure 3a shows some gamma sections of the ODF in the vicinity of the main texture component after ghost correction and smoothing with b = 7.5° Gaussians to overcome the discrete 5°-cell effects This results in an ODF with a texture index (F 2 ) of 2.99 m.r.d. 2 , f min = 0.13 m.r.d., and f max = 13.32 m.r.d.. Figure 4a shows corresponding pole figures. Rietveld with MAUD-EWIMV. MAUD uses the Rietveld method, by fitting the complete measured diffraction spectra, refining instrument, phase, and sample parameters. All 120 spectra were taken as input, though only the information within the computation range (0.8Å-2.6Å) was used, yielding 204,400 data points. MAUD uses the EWIMV algorithm for texture extraction. As in GULUWIMV "arbitrary" point-like measuring grids can be considered using an analysis that provides information about the attainable resolution for the given data set. To conform to the actual instrument resolution we chose a tube projection radius of 20° and an ODF cell size of 10°. Contrary to GULUWIMV, MAUD assumes that the measured intensities correspond to the centers of the detectors. The resulting ODF is sharper than that obtained from GULUWIMV (Figure 3b ). Pole figures were recalculated from the filtered MAUD ODF and are shown in Figure 4b . This ODF has a texture index of 4.03 m.r.d. Rietveld with MAUD-harmonic method. MAUD also has the capability to determine the ODF with the harmonic method. The spherical harmonics coefficients are refined as part of the Rietveld refinement. We selected L = 12, which generates 110 (even) coefficients for the given case of cubic crystal symmetry and no sample symmetry. Expansion to higher order introduces artificial positive and negative oscillations. The ODFs and pole figures determined by the harmonic method have negative regions (Figures 3c, 4c) . The harmonic ODF has a texture index of 3.11 m.r.d. 2 , f min = -1.00 m.r.d., and f max = 10.88 m.r.d. Rietveld with GSAS-harmonic method. GSAS is the original LANSCE Rietveld program for determining crystal structures [7] that has been modified to obtain texture information by applying the harmonic method [6] . GSAS can accept at most 99 spectra as input, thus we left out some low resolution data from the 40º banks. As in MAUD, GSAS does not take the shape of the panels into account when fitting the texture. Pole figure output in GSAS truncates negative values without renormalizing pole figures und such pole figures are difficult to interpret. We have therefore used a different method for comparison by first obtaining an ODF from converting the GSAS generated fitcoefficients (related to [8] ) to normalized and symmetrized tesseral coefficients used in Beartex [9] . When we input the coefficients resulting from our transformation for L = 12, ODF and pole figures look similar to those generated by MAUD (Figures 3c,d, 4c,d) . This ODF has a texture index of 3.15 m.r.d. 
Discussion and Recommendations
With the successful texture analysis of the round-robin sample of limestone [1] , it was demonstrated that the new HIPPO diffractometer at LANSCE is capable of measuring weak textures quantitatively and efficiently. This new comparative analysis on aluminum demonstrates that quantitative results are also obtained for much sharper textures, closer to a single crystal. Limitations depend on instrument geometry and the analytical method. The angular width of a detector panel (equivalent diameter of a circle on the pole sphere) is approximately 15º and is the limiting constraint for the angular texture resolution of about 30°. General advantages of the Rietveld method over the use of individual peak intensities are that results are less subject to systematic errors and problems with peak shape and overlaps, because the solution is constrained by a physical model, allowing fewer degrees of freedom.
It also allows refinement of other crystal structure parameters affecting peak intensities such as atomic coordinates. We find texture peaks at similar positions in ODFs and pole figures for all methods. However, for the regions below 1 m.r.d., which corresponds to at least half of the complete (100%) ODF intensity, there are considerable differences. For WIMV (both in MAUD and GULU) this region below 1 m.r.d. is fairly monotonic. For the harmonic method (in MAUD and GSAS) oscillations exist that are due to series truncation in pole figures and to series truncation and ghost features in ODFs. For any quantitative description of texture this "lower half" of texture information is equally important as the "upper half" and obviously direct methods (without meaningless negative regions) have an advantage and provide a more realistic representation. If only the position of main texture components is of interest, all methods are similarly suited. Due to the finite detector geometry the harmonic expansion can only be extended to l max =12. For higher values the ODF displays meaningless artifacts.
We have shown that the HIPPO diffractometer at LANSCE is capable of quantitative texture analysis as long as the features of interest are not sharper than the angular resolution of the instrument.
